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PRESENCE OF MRI MARKERS OF INFLAMMATION ESPECIALLY IN
OVERWEIGHT PERSONS INCREASES RISK OF INCIDENT OA: THE
POMA STUDY
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Purpose: Obesity is one of the key risk factors for the development of
knee osteoarthritis, possibly because of increased joint loading. How-
ever, obesity-related osteoarthritis not only affects the weight-bearing
joints, but also the hands, suggesting a systemic metabolic component.
In addition, studies have demonstrated associations linking osteo-
arthritis to several components of the metabolic syndrome, including
chronic low-grade inﬂammation, a feature shared by osteoarthritis and
metabolic disorders that may contribute to the genesis of both.
Aims of the study were to analyze whether risk of presence of MRI-fea-
tures of inﬂammation such as effusion-synovitis (“effusion”) and Hoffa-
synovitis (“synovitis”) differs between normal-weight, and overweight/
obese persons that develop incident OA two years prior the diagnosis of
radiographic OA and to assess whether risk of OA differs for men and
women in regard to BMI and inﬂammatory MRI markers stratiﬁed.
Methods: Participants were drawn from the Osteoarthritis Initiative
(OAI) study of 4796 participants with or at risk of knee osteoarthritis
with regular annual visits over 5 years. We studied 355 knees that
developed incident ROA before the 48 month visit. They were matched
1:1 by gender and age within 5 years to a control knee that did not
develop incident ROA with the same Kellgren-Lawrence grade in both
knees at baseline. MR images were acquired at 3 T systems.
MRIswere read forHoffa- andeffusion-synovitisusing theMOAKSscoring
system for all available images at the visit two years prior incidence (time
point “P-2”;N ¼ 225 cases; with 218 matched pairs available).
Subjects were classiﬁed as normal weight (BMI < 25), overweight (BMI
25 and <30) or obese (BMI  30) at OAI enrollment.
Bivariate logistic regression was used to assess the risk of synovitis and
effusion at P-2 in subjects that developed radiographic OA comparing
overweight and obese subjects combined compared to normal weight
subjects as the reference.
Conditional logistic regression was used to assess the risk of incident
ROA for synovitis at P-2 and BMI category. Risk of ROA for synovitis by
BMI category stratiﬁed by gender was estimated.
Results: For the matched cases and controls, 116 (26.6%, 95 women)
participants were in the normal-weight category, 169 (38.8%, 106
women) in the overweight category and 151 (34.6%, 99 women) in the
obese category. For those who developed ROA there was no increased
risk of synovitis in the combined overweight/obese BMI subgroup at P-2
but being overweight was associated with an increased risk of effusion
(OR 2.21, CI¼ 1.11, 4.43]). Using overweight womenwithout synovitis as
the reference, obesity without synovitis was associated with a greater
risk of OA (OR ¼ 2.87, CI 1.21,6.83) in women, as was being overweight
with synovitis (OR ¼ 3.26, CI 1.39, 7.65). Being obese with synovitis was
not associated with increased risk. For men, there were no combina-
tions of synovitis and BMI that were associated with an elevated risk of
OA compared to those being overweight without synovitis. Table 1 gives
a detailed overview of these results.Table 1
Risk of incident ROA in regard to presence or absence of synovitis and BMI status two
years prior the diagnosis of incident radiographic OA (cases and controls)
Men Women
N ¼ 136 N ¼ 330
OR CI OR CI
Incident OA with BMl and synovitis at P-2
No Synovitis, BMl Normal 1.45 0.31 6.77 0.67 0.29 1.59
No Synovitis, BMl Overweight Ref Ref
No Synovitis, BMl Obese 1.03 0.31 3.42 2.87 1.21 6.83
Synovitis, BMl Normal 3.25 0.69 15.29 1.52 0.61 3.77
Synovitis, BMl Overweight 1.99 0 66 6.00 3.26 1.39 7.65
Synovitis, BMl Obese 1.63 0.58 4.60 1.86 0.80 4.34Conclusions: For those who would develop OA, an increased risk of
effusion was observed for the combined overweight/obese group at P-2
but not for synovitis. In regard to interaction of BMI with synovitis, the
presence of synovitis increases risk of ROA in overweight womenwhile
obese women had an increased risk for ROAwithout synovitis. Presence
of inﬂammatory markers seems to play a role especially in overweight
women whereas obese women have an increased risk for ROA even in
the absence of these imaging markers of inﬂammation conﬁrming that
both mechanical load and inﬂammation have a role in OA incidence at
least for women.
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KNEE FLEXION MOMENT AND IMPULSE DURING WALKING ARE
ASSOCIATED WITH PATELLOFEMORAL JOINT ARTICULAR
CARTILAGE T1RHO AND T2 RELAXATION TIME
H.-L. Teng, N. Calixto, T.M. Link, S. Majumdar, R.B. Souza. Univ. of
California, San Francisco, San Francisco, CA, USA
Purpose: Increased knee ﬂexion moment and impulse have been pro-
posed to result in higher mechanical loading on the patellofemoral joint
(PFJ) and therefore, may be risk factors of PFJ cartilage degeneration.
This study aimed to examine whether knee ﬂexion moment and
impulse during gait are associated with PFJ cartilage composition
quantiﬁed by T1r and T2 relaxation time.
Methods: Subjects: One-hundred and ten subjects (67 females, age:
52.1 ± 10.4 years, BMI: 24.4 ± 3.2 kg/m2) with and without clinical
symptoms of OA participated in this study. All subjects underwent 3D
gait analysis and knee MR scan. Gait Analysis: Knee kinematics (250
Hz, VICON, Oxford, UK) and ground reaction forces (1000 Hz, AMTI,
Watertown, MA, USA) were recorded while subjects walked: (1) at
self-selected speed (1.53±0.24 m/sec); and (2) as fast as possible
(1.96±0.27 m/sec). Sagittal plane net knee joint moment was com-
puted using Visual3D (C-Motion, Germantown, MD, USA) and nor-
malized to body mass and height. Knee ﬂexion moment impulse was
calculated as the integral of knee ﬂexion moment with respect to time
over stance phase. MR protocol: MR images were acquired using a 3
Tesla MRI scanner (GE Healthcare, Milwaukee, WI, USA) with an 8-
channel phased array knee coil (Invivo, Orlando, FL, USA). The imaging
protocols included: (1) high-resolution 3D fast spin-echo CUBE
sequence (TR/TE ¼ 1500/26.69 ms, ﬁeld of view ¼ 16 cm, matrix ¼
384384, slice thickness ¼ 0.5 mm, echo train length ¼ 32, acquisition
time ¼ 10.5 min); (2) T1r relaxation time sequence (TR/TE ¼ 9/2.6 ms,
time of recovery ¼ 1500 ms, ﬁeld of view ¼ 14 cm, matrix ¼ 256128,
slice thickness ¼ 4 mm, bandwidth ¼ 62.5 kHz, time of spin-lock ¼ 0/
2/4/8/12/20/40/80 ms, frequency of spin-lock ¼ 500 Hz, acquisition
time ¼ 11 min), and (3) T2 relaxation time sequence (same as the T1r
sequence except for magnetization preparation TE ¼ 1.8/3.67.3/14.5/
29.1/43.6/58.2 ms, acquisition time ¼ 11 min). MR image analysis:
Sagittal CUBE images were rigidly registered to the T1r relaxation time
map images and used for cartilage segmentation. Trochlea and patella
cartilage compartments were segmented semi-automatically. T1r and
T2 relaxation times were determined with a pixel-by-pixel, two-
parameter exponential ﬁt. T1r andT2 values of each compartment
were computed as the mean of all pixels belonging to the ROIs. Car-
tilage morphological analysis: Articular cartilage lesions were graded
on the CUBE images using the modiﬁed-whole-organ magnetic reso-
nance imaging score (WORMS). A positive lesion was deﬁned when
WORMS >1 (focal cartilage degenerative lesion). Statistical analysis:
Pearson partial correlations were performed to examine the associa-
tion between gait kinetics (peak knee ﬂexion moment and ﬂexion
moment impulse) and PFJ cartilage composition (T1r and T2 relaxation
time) while adjusting for age, gender, BMI and walking speed in all
subjects and subjects with PFJ cartilage lesions. The a level was set at
0.05.
Results: There were 43 subjects without and 67 subjects with cartilage
lesions (8 isolated TFJ cartilage lesions, 37 isolated PFJ cartilage lesions,
22 combined TFJ and PFJ cartilage lesions). Results of partial correlation
are showed in Table 1 and 2. During self-selected walking, peak knee
ﬂexion moment was signiﬁcantly correlated with trochlea T1r relaxa-
tion time and knee ﬂexionmoment impulse was signiﬁcantly correlated
with trochlea T1r and T2 relaxation time. These relationships were
stronger in subjects with PFJ OA. During fast walking, peak knee ﬂexion
moment was signiﬁcantly correlated with patella T1r relaxation time.
Moreover, knee ﬂexion moment impulse was correlated with trochlea
T1r and T2 and patella T1r relaxation time.
Table 2
Results of partial correlation for subjects with patellofemoral cartilage lesions (n ¼59)
Self-selected walk Knee ﬂexion moment impulse Fast walk Knee ﬂexion moment impulse
Peak knee ﬂexion moment Peak knee ﬂexion moment
T1r Trochlea r ¼ .26, p ¼ .049 r ¼ .39, p ¼ .004 NS r ¼ .29, p ¼ .003
Patella NS NS NS NS
T2 Trochlea NS r ¼ .28, p ¼ .005 NS NS
Patella NS NS NS NS
Table 1
Results of partial correlation for all subjects (n ¼110)
Self-selected walk Knee ﬂexion moment impulse Fast walk Knee ﬂexion moment impulse
Peak knee ﬂexion moment Peak knee ﬂexion moment
T1r Trochlea r ¼ .21, p ¼ .03 r ¼ .30, p ¼ .002 NS r ¼ .29, p ¼ .003
Patella NS NS r ¼ .21, p ¼ .03 r ¼ .25, p ¼ .009
T2 Trochlea NS r ¼ .22, p ¼ .03 NS NS
Patella NS NS NS NS
Figure 1. Strong Spearman's correlations r (95% CI) were observed
between ultrasound and MRI medial osteophyte grades (A), and ultra-
sound and MRI lateral osteophyte grades (B). Strong and moderate asso-
ciations were found between ultrasound and MRI medial cartilage grade
(C), and medial cartilage ultrasound and MRI - full thickness loss grade
(D), respectively. The relationship between ultrasound and MRI lateral
cartilage grades was substantial (E) to low (F). All observed correlations
hat statistical signiﬁcance level of p<0.001. Kruskal-Wallis post hoc test
indicated the signiﬁcant difference between separate MRI grades
(*p<0.05, **p<0.01, ***p<0.001).
Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81A76Conclusions: Findings support the premise that higher knee ﬂexion
moment and impulse during walking are related to degenerative
cartilage changes in the PFJ. Based on the results, knee ﬂexion
moment impulse may be a more important predictor of PFJ cartilage
composition than peak knee ﬂexion moment. In addition, the
observed relationships were stronger in subjects with PFJ cartilage
lesions, suggesting that articular cartilage may be more susceptible to
mechanical loading with the existence of lesions. Future intervention
protocols of PFJ OA may focus on reducing knee ﬂexion moment and
impulse during walking.
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DIAGNOSTIC PERFORMANCE OF SEMI-QUANTITATIVE KNEE
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IMAGING OSTEOARTHRITIS KNEE SCORE (MOAKS): DATA FROM
THE OULU OSTEOARTHRITIS STUDY
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Purpose: Non-invasive ultrasonography is an imaging tool with sig-
niﬁcant potential in knee osteoarthritis (OA) assessment. To date,
magnetic resonance imaging (MRI) is considered the most accurate
imaging modality in the assessment of knee OA. MRI OA knee score
(MOAKS) has been developed and used in OA research and clinical trials
to evaluate structural deterioration of various tissues within the knee
joint. Despite its high sensitivity, MRI is not usually used as an initial
imaging technique for knee OA due to practical and cost reasons. In
contrast, ultrasonography is cheap, time-efﬁcient, and offers high res-
olution and real-time imaging. For these reasons, ultrasound could be
considered as the ﬁrst modality for detection of morphological changes
in OA. However, systematic comparison between ultrasonography and
MRI have not been reported so far. In this study, we compared semi-
quantitative ultrasound (SQUS) grading of femoral articular cartilage
and osteophytes with MOAKS.
Methods: The Oulu OA study included 79 patients (age ¼59.9±7.8,
range¼34-70) with persistent knee pain and 80 asymptomatic con-
trols (age¼55.6±13.9, range¼24-70). MRI and dynamic ultrasound
examination of either symptomatic knee in patients or asymptomatic
knee in controls was conducted. The femoral articular cartilage dam-
age and presence and size of medial and lateral femoral and tibial
osteophytes were scored using MOAKS. We also scored the same
features from ultrasound videos using SQUS (described by Saarakkala
et al. 2012). The femoral cartilage was evaluated from MRI sub-
regionally for size of any cartilage loss and size of full thickness loss as
follows: medial anterior, medial central, lateral anterior and lateral
central. Correspondingly, medial, trochlear (sulcus) and lateral regions
were individually graded from ultrasound videos. Following grades
were established for the comparison: the maximum MRI grade fromanterior and central sub-regions in medial condyle (MRI medial car-
tilage grade and MRI medial cartilage - full thickness grade) and lateral
condyle (MRI lateral cartilage grade and MRI lateral cartilage - full
thickness grade). Furthermore, the maximum SQUS from medial and
sulcus regions (SQUS medial cartilage grade) was used. To assess the
